galactose of the cell membrane (Jancik & Schauer 1974; Durocher, Payne & Conrad 1975; Mamo, Holmes & Lemma 1977) which readily binds to lectin on the surface of Kupffer cells and other macrophages, resulting in erythrophagocytosis (Kuster & Schauer 1981; Muller, Schroder, Franco, Shukla & Schauer 1983; Kelm, Jibril, Lee, Yoshino & Schauer 1986a; Kelm, Shukla, Paulson & Schauer 1986b) .
Studies on the erythrocyte surface sialic acids of trypanotolerant N'Dama cattle and the more susceptible Zebu cattle have demonstrated the role these acids play in trypanotolerance, as both calves and adult N'Dama have a significantly higher erythrocyte surface sialic acid concentration with an additional band than that of Zebu cattle. This suggests a more resistant erythrocyte surface to the anaemia of trypanosomosis (Esievo, Jaye, Andrew, Ukoha, Alafiyatayo, Eduvie, Saror & Njoku 1990) .
Reports have also shown that lactose prevents bind ing between the lectin of Kupffer cells and the exposed galactose of the membrane surface of erythrocytes (Kolb & Kolb-Bachofen 1978; Kolb, Vogt, Herbertz, Cornfield, Schauer & ShlepperSchafer 1980 ; Schlepper-Schafer, Kolb-Bachofan & Kolb 1981; Kelm & Schauer 1986 ). This inhibition of binding prevents erythrophagocytosis of desialylated erythrocytes as has been demonstrated in vivo in rabbits injected with asialofetuin and lactose (Muller, Franco & Schauer 1981) , and in cattle infused with lactose during acute trypanosomosis (Ibrahim 1997) . The packed cell volume (PCV) is one of the most valuable technique for determination of the percentage of the cellular components of blood in the clinical laboratory (Coles 1986 ). This study was conducted to determine the ability of lactose to prevent anaemia in T. vivax-infected cattle, based on variations in PCV.
MATERIALS AND METHODS
Eight White Fulani Zebu bulls, aged between 3 and 4 years and weighing between 120 and 200 kg were purchased from Anchau in the Kubau Local Government Area of Kaduna State which is located in a tsetse fly-free zone of northern Nigeria, and kept and treated as described by Fatihu, Adamu, Umar, Ibrahim, Eduvie & Esievo (2008a) . The isolation of the parasite abd the preparation of the lactose infusion solution have been described by the same authors (Fatihu et al. 2008a ).
The experimental animals were placed into two groups of four animals each. They were housed separately and blood samples were collected from each bull for 2 consecutive days prior to infection, to establish the baseline haematological data. The groups were treated as follows:
Group A Each bull in this group was infected with 3 x 10 6 T. vivax primary isolate by jugular venepuncture using 6 mℓ of the donor bull's blood.
Group B
The bulls in this group were infected as were those in Group A. In addition, lactose infusion commenced immediately at a dose of 0.5 g per kg body mass, 3 times daily at 4 h intervals for 12 days.
Sample collection and analysis
Every morning 2 mℓ of blood were collected from each of the eight bulls by jugular venepuncture into McCartney bottles containing ethylenediamine tetra-acetic acid (EDTA). A daily determination of their PCVs was done using the haematocrit method (Coles 1986 ) and parasitaemia was monitored and estimated by the dark ground/phase contrast buffy coat technique-DG (Murray, Trail, Turner & Wissocq 1983) .
Data analysis
Variations in the PCV values of the bulls in the two groups were analysed through time series (values at different periods or point in time) that consisted of two separated periods, namely during lactose infusion (DL), from the day of infection to Day 12 p.i. and after lactose infusion (AL), from Days 13 to 19 p.i. The percentage change (X %) in PCV values recorded daily for each bull was calculated as follows:
where, PCV t refers to the PCV for any given day, t, while PCV t-1 is the value for the preceding day. The mean cumulative percentage change (CPC) in PCV for each group was calculated separately for the respective periods (DL and AL) from the mean daily percentage changes.
The rate of change in PCV for the two infected groups for the periods DL and AL were determined by the cumulative sums of difference (Chatfield 1983) . The difference (dt) between a given PCV value (PCV t ), and the value on the day preceding the commencement of the given period (PCV a ) was obtained by:
The PCV a for DL is the PCV on Day 0 and that of AL is PCV on Day 12 p.i.
The cumulative sums of difference (C t ) from PCV a (for the specific period) was calculated from the mean difference on each day using:
Where d t and d t-1 are the mean differences for day t and the pervious day, respectively.
A regression line was drawn (Harper 1991 ) from the plots of C t values versus time (in days). The expected mean differences from PCV a during the periods DL and AL were determined from the C t regression lines. The rate of change in PCV was calculated as the expected mean change divided by time (in days) and expressed as units per day. The rate of change was also plotted versus time (in days).
The data was summarized and given as means ± standard error of means (SEM). The Student's t-test (Philips 1978) was used to compare two means for any significant difference.
RESULTS

Parasitaemia
The parasites were first detected in circulation on the third day p.i. in the animals in both groups. The first peak of parasitaemia occurred on Days 4 and 6 p.i. in Groups B (lactose-infused) and A (uninfused) bulls, respectively. The level of parasitaemia was higher throughout the duration of the experiment in Group B. The highest parasitaemic peaks were recorded on Day 6 p.i., while the lowest parasitaemia was observed on Day 9 p.i. in both groups when no parasites were detected in Group A. More frequent and prolonged parasitaemic peaks were observed in Group B, even when lactose infusion had stopped. Furthermore, the level of parasitaemia in Group B did not fall below the initial level when trypanosomes were first detected in blood, on Day 3 p.i. (Fig. 1) .
Variations in packed cell volume during lactose infusion (DL)
As lactose infusion to Group B commenced immediately after infection (Day 0), the mean PCV improved by +0.35 ± 2.53 % whereas the PCV significantly (P < 0.05) dropped in the uninfused (group A) bulls by −10.61 ± 7.87 % on Day 1 p.i. The changes in PCV values up to Day 5 p.i. showed that Group B experienced a lower fall in PCV, with a cumulative percentage change (CPC) of -2.69 ± 1.1 % when compared to a CPC of -13.76 ± 2.24 % in group A (Table 1 , DL), which was statistically significant (P < 0.05).
Furthermore, the C t regression for Group B was located above that of Group A as depicted in Fig. 2 (DL). This indicates that the fall in PCV was relatively reduced in Group B, as is further illustrated by the rates of change in PCV (Fig. 3, DL) , which appeared less negative than in Group A. During the period of lactose infusion, the means rates of decrease in PCV (Table 2) were significantly (P < 0.05) higher in Group A bulls.
Variations in packed cell volume after lactose infusion (AL)
A day after lactose infusion was stopped (Day 13 p.i.) the mean PCV in the lactose-infused (Group B) bulls fell by a mean of 9.0 ± 7.59 % from the value of the previous day, which was higher compared to the uninfused (Group A) bulls (Table 1, AL) . However, subsequent PCV values were significantly (P < 0.05) higher in Group B and by Day 5, AL (Day 17 p.i), a CPC of +4.11 ± 3.14 % was obtained compared to CPC of -25 ± 4.6 % in Group A. At the end of the ALperiod, (Day 19 p.i.) however the PCV significantly (P < 0.05) rose in Group A, above that of Group B.
The cumulative sums of difference (C t ) for this period (Fig. 2, AL) showed that the curve of Group A remained below that of Group B, although the gap has been narrowed when compared to the DL-period. Similarly, the profiles of rates of change in PCV (Fig.  3, AL) further indicates that the rate of decrease in PCV, although relatively higher in Group A, remained narrow compared to that of Group B. The mean rates of change in PCV (Table 2) showed that the PCV of Group A dropped insignificantly (P > 0.05) during the period, relative to that of Group B.
DISCUSSION
The occurrence of the first peak of parasitaemia in the lactose-infused group was on Day 4 p.i. while that of the uninfused group was on Day 6 p.i., even though trypanosomes were first detected on the same day in both groups. The more frequent and higher parasitaemic peaks, and the more persistent, detectable parasitaemia observed in the lactose-infused group were attributable to the presence of lactose in the plasma. Since glucose and galactose, which are the primary constituents of lactose, have been identified in abundance in some trypanosomes (Von Brand 1973; Cross & Johnson 1976 ) and the glucose consumption of African trypanosomes is high; corresponding to about 50-100 % of their dry mass per hour (Von Brand 1973) , their affinity to the infused lactose and its possible utilization could account for the persistent and higher parasitaemia observed in the T. vivax-infected, lactose-infused bulls as similarly observed by Umar, Omage, Shugaba, Igbokwe, Kwanashie, Agbede, Saror & Esievo (1998) . Perhaps the trypanosomes contain β-galacto sidase or its equivalent that can cleave lactose into the glucose and galactose monosaccharides for their utilization.
In addition, lactose possibily re-enforces the antigenic glycoprotein coat of T. vivax because trypanosomes such as Trypanosoma cruzi (Von Brand 1973) and Trypanosoma brucei (Cross & Johnson 1976 ) are known to contain glucose and galactose among other polysaccharides in their mem brane coats.
The remission and recrudescence of parasitaemia observed in the groups were marked features of both natural and experimental infection of mammals 
DL AL
Infected, infused (n = 4) −0.08* ± 0.17 −1.15 ± 0.13
Infected, uninfused (n = 4) −2.25* ± 0.24 −1.37 ± 0.1 with various species of subgenus Trypanozoon. The antigenic variation of the parasites and the hosts' humoral and cell-mediated immune responses play a role in this mechanism (Vickerman, Sless, Wendy & Edwards 1976) .
The pattern of decrease in PCV of the T. vivax-infected, lactose-infused bulls was modified by the lactose infusion, which significantly prevented the fall in PCV up to Day 5 p.i. despite the occurrence of a persistent and higher parasitaemia in this group, during the period. However, the fall in PCV from Day 6 p.i. could also be associated with the haemodilution caused by to the infused lactose or the combined effects of an overwhelming infection and lactose infusion. Lactose was able to stabilze the PCV during the infusion period (DL) as shown by the mean rate of change in PCV which was significantly higher in the uninfused group. This stability was, how ever, reversed when lactose infusion was stopped which resulted in the fact that there was no significant difference in this parameter in both groups during the AL-infusion period. Sialidases are produced by trypanosomes (Esievo 1979 (Esievo , 1980 Pereira 1983; Pereira & Hoff 1986; Engstler, Reuter & Schauer 1991; Engstler & Schauer 1993 ) which desialylate erythrocytes and hosts' cells (Esievo, Saror, Ilemobade & Hallaway 1982; Pereira & Hoff 1986) . The desialylated erythrocytes become bound to β-D-galactose-specific lectins on the surfaces of macrophages (Kuster & Schauer 1981; Muller et al. 1983 ) and subsequently become phagocytosed. Similarly, in the blood stream, such erythrocytes are also rapidly sequestrated (Durocher et al. 1975; Jancik, Schauer, Andres & Van During 1978; Muller et al. 1981) . Ibrahim (1997) showed that lactose in vitro inhibited binding and phagocytosis of desialylated erythrocytes by homologous isolated Kupffer cells isolated from the liver of goats and cattle. Thus, it can be deduced that the infused lactose in the T. vivax-infected bulls in this study prevented, or at least reduced, the binding and sequestration of desialylated circulating erythrocytes by the cells of the mononuclear phagocyte system. Hence, the life-span of the erythrocytes was prolonged as is shown by the relatively stabilized PCV up to Day 5 p.i. in the infected, infused group. The rate of change in PCV was significantly reduced up to Day 17 p.i.
(Day 5) after lactose infusion was stopped, indicating that the declining plasma lactose was able to stablize the PCV compared to the uninfused group. The last 2 days of the after infusion period (Days 18 and 19 p.i.), however, when the level of decline in PCV was higher in the infused group, could have been due to very low levels of plasma lactose.
Therefore, it can be inferred that lactose in normal saline is able to inhibit early onset of anaemia in T. vivax-infected cattle. As lactose is used as an excipient in the pharmaceutical industry (Reynolds 1993) , it could be beneficial in the treatment of trypanosomosis.
